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Abstract 



' Sf tS'i2 n( *5 to " > ' }*• a* 0 !"** to «» lac. orientation at the upper part of a fomed ^bstote ao that 

CONSTITUTION* P-type GaAs substrate 7 in (100) face orientation is etched bv HF H202 for forminn a 

■XS£fi^^ conical shaped recess 9 an ^ '"en an "SSd I sunto iftX 1) ajST 9 
orientation (1<=rn<=5) is exposed inside. Then, an Si doped AIGaAs current consffinlaverB a r« 
KaAs clad layer 5, a GaAs activated layer 4. an Si dopedAIGaS clad toy? I and an S S d Joed 
G j£? .contact layer 2 are continuously grown on the GaAs substrate 7 byMBE method Therefore an n 

and aKnf 6 , 1 '! E?"??* on W a H 9 nt emission wind °w 1 1 is opene? at aTart opposSJ S?cSt2r 
and a P-side electrode 8 is provided on the lower surface of the substrate 7 thus manu^turinn a 
I semiconductor light emitting element in a small light emissfor "diamete^ " manufactunng a 
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[0039] c©tg£«c«>. MBE^{cj:-,ri4H±«: 
JjfcSi*ttfc»Btt»< &£©r. &»a©aj»*. s» 
^^>^©*i«SA«l6*«fiJ:0 tfi(,»*tc< * «fc 
5«cSfft,r €> #6£«gj: 
fiK#LTimSftfca»©»afr 6I8#«S,J: r> fcg 

c»«s«c»Lrs8f$hfc«ff©i»H*-c©a»aa© 

)Sff©«»KteJ:^-C^)15S}H3 8 imtfLLX J: 

[0040] ismmmvurmmtcy^x^sibiap 

ifcifi, SffilJi^&SA l,Ga,.,AsH-m. 
^Si^FfllaS-Cfc. !.>*>«>* GR IN- SCHSQ 
V«*c*J:i». *fc. *am?©fc»©JBttr§ttHJ: 
9T©B. -3*9**!#SJB©*£U S i K-X*? 

[0 04 1] olftc. ±IB^tfiyfe***JBi>fctf;flj 
««C-X»TOTir*. *f. H8 (a) (b) (c)JC 

sh«. xmvmv&m*! 1 *-#©•;- k? 

U-A7 2©_bc^*>? J , >*f*4£tcf6£©y 

rftitU £&4LraXn?*tt©*»ic«MX*ft-C 
**±«fl§7 4©aiBtCtt^a©«^u>x^fii ; & 
J^ttccEflLfc? u*;ug?¥«t*u>X7 5*i-<#B 
l&3hi±PHC. SS©WB(c«7U*>H[ip««u> 
X7 540l;il?3. **U«7U^;l/S¥fittU>X7 
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6{cj:or7i/^i,s¥«ttu>x7 szmmuxi* 
s. 

[0042] C©8*SH©igS. $a*ft£*? 7 j 
©?***>£. 7U**g^t*U>X7 5(CJ:»):fc© 

E»ictol>ri?#6ft*. mi*. 7U**a¥ttKU 
>X7 5£ft6E«f = 4, 5 mm. U>Xag3.5m 
10 mil. ^n»MRqF7 l©?tm«S4iSS2 0am 
KUc4*. lm©ffi«{c*jW5t_i k a«iSa4 mm 

sa-e**. o***. se*«k0ffli>6nrt,>*ia^© 

«fty-/*-K-(rtt*>fe. -t©3t©tt*ii«*i3 5 0 
umm&<Di><D) -Ctt. aS7 0mmSa*-CK*$-, 
Tt,*}©?. *»9I«CJ:**3«*$BIBR*7 1 *flji> 
■C&TfeSH *fp»^- S C 4 le U » I- #» 6 

fti. 

(0 04 3] *fc. fif*J:DflJ<,>6ft-a>SftfcS£t 

?«. hi 8tc^-r«k5ttafi©«,©*i*^ 

20 1 6 2^6.^fflOfct-F^>i;i6 3«:i|£3|»u-tf 
»?■ 1 6 4SC/7 u^x! 6 5^1,^ 

S©*©*****^ CCJ^&a*©^^! 6 1 

■cteo. 3Xha^*{*a©ft«^B*c4*jr#5. 
(0 04 4]<tfe. ccrti«b6t-A4tri§fSjtt© 

0, **e-A*ffli6jtr-A&4©a:*gic«>aflrc# 

0 5C4tt@?9-C*i. 

[0 04 5] agJCmffcCtt. X £*©.£© 
^•^©fiBJ&^rifcJi)©^^-?^ * ^ 7©*^> 
f (ftfcS) J-C**. C©.K^>:SrJtt, ^I^KJ: 
*«3fey-/*-K (LED) 8 1. 3-;y->ffl©8bfe 
U>X8 2. «fl@K8 3SVM^^.;-8 4*>6<to 
TteO. *»»#yK*^8 1*P,Hi«3nfc3Kttl5b6i, 
^XS^-CsiM-i-iiiifc^ X^y->±{ciiat3 
ft. 36XjJ< 7 KCJt0«^«Bf*^. 

(0 04 6j«a&fliSft-a>* i K^>*tt. 

ffll»ri>ift:«>. ffl»U-lf**JjgH©A©B{cA*4 

wsr*^. c©/si*i4©/c«>. u— !f«w^©wa*« 

F*ffl«,»fcLE D*-<>^J5r4^ 
*6ftri»5. t*>U. CE3|5©±®|63feSLED (83fc 
S400tfm) aj*3S»f=10mm. U>X 

S4mm©&#l/>X-C3 htftiL E DjJ*-/>5t 
5m5t©X^y->Jb-c©tr-AStt2 0 0m 

50 



(7) 



11 



(0 04 7 J ChKm. *l£<!8K:j;-5LED8 
t>fc#-/ > * J ©»£tctt. 1 Oj/mOL E D 8 

1 4. MtSgBStf = l 0mm, U>X&4 mm©|5j»£ 
iSSfcU>X8 2*flIl>fcJtS. 5m5tOX^-;->J:-c 

#oT. *»9J©LED8 l-"C56fltt7-«Srttt*rtH§ 

[0048] Hi o U) «c^-rt©{«|6i»tcj:5ij£ 
£t*lfe#$-?9 5 *W>te2flS*^n- y -x> io 

C©n-*y-x>3- 

«9 2©#ffig|Hc*J|8it / fcSS«9 3. @«fi9 2fiV 
@£«9 3 *8//C*f|S|i*ii *>tlfci!tJfeU>X9 4 i* 
«t 4i&*<*#&ayR* 9 5 Rtf 9 6*6* 

9 3 (C<> 1 mnKDIBIBr h v v Z AX 'J ? h 9 8Ktf b 
[0049J UtoOX. ¥JW*a*j*F9 5*>6ffl*f3 20 

«93©*y,h98. 99-C^SJSn. 010692© 
*';?h97£ffl»>. S3tsR^9 6r«ygiSti*. @J£ 
«9 3©h7 7 ^A^y 7 V9StYvv>;K*>) y y 
9 9tt*SlfitfflA*9 0- T6t,T*0. A«Ht#. B 

&fc©r*S. */c. 0 1 0 ( b ) tCTvT i A «*> 

(0 05 0) C©n-;S»y-x>n-^«: fe ^ r> m 
«. t^©£E&fc5?¥»{*S*5R* (#fefeg 4 0 0 u 
m) *£Efcf = l Oram. U>Xg4mm© 

JibfeU>X-C3 tfy- -5-© 3 1; }. 
tfe©S3«cj:,rEHKtE±©tr-AStt. @j££©;*.; 

o o dp i uoyme**) «±©x*-*r«x »; 

[ o 0 5 l ] c titcftc, *£9Jfc j:***^^* 40 
9 5*m^a-*.;-x>3-y K r«, *i»|*|fcfe 

s*9 5 ©«*g* i o u mnmz&t&mfcx-i * 

©■C. &££Bf = i omm. U>Xg4mm©Bltt& 
SB6u>X9 4*«t»r3»;>-H / fcit-ct B g 
«9 2±©t-Ag«. BS«9 3©x 9 ? MS+fl 
0 .5 um^-A<0!uifif}imiC6ifiv^i. L 
tcifi-^X. M^m<immxS>>). 60 0 DPI (4 
OumV??) lXk.®X*r-)i*m?H&?>ctt>v}ftlc 
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[005 2] ft*. .klBUfcflrtt. n-3».;-x>n 

( 0 0 5 3 ] H 1 1 tt*?6W<C 1 0 

l 0 .J y- H 0 2*>6nt4|ibfeS|54 

S3feU>X10 3S^fia^tUjR^i 0 4*6&*2* 

[0054] Hl,ltt3BUW*:/*LfcJt,T 

*>Lx^i. mmmx+i o ltmmstiMit 
3-;y-n,>xio2T¥t^k3nfc». *f*«n 
0 5_BcJ8*tetn:e-AX* ? hsp 1 . sp,*^ 

t. •en-etie-Ax^v f-sp,. sp,©sNft«tt 
a«Hm^io4±(cis«3* 5 . c ^©is*ffii 
«. (4»i*ujs*i o 4©m^« 1 0 6, 107 -c»fc 
©#tt«rfe-5-c«tar*. *©tiar*i«j: 

1 0 0 5 5 J *«Wc«fc3¥**»!BK* j 0 1 a m 

mamma* 1 0 1 im^tx^ smmmv 

10 0 5 6) m 2 tt±Seffia-b>^LK:J:4©g q <r) 

mzmmzmuxi.**. ciutm-k^ j *6 1 0 c 

m^W«hft:aa(cjiF2*i2 mmi 5 mm©£iaaV2 
mm 1 5 mm©M8**-r**f*«j*<ilBS-(*fcUte© 

tirU4. »14illiJai0 8«:*H»r. -<tt2mra 
©fl». ott5mm©0». -'>tt2mm©pgs > -B5 
mm©CQ^«:*f«rr5ffl3fc*5. 

[ 0 0 5 7 ] h 1 3 ti*mK*immm,-ir \ 

Cfttt, *«(*u-tf^i 1 1. 
hU>Xl 12. Hg^SII (Wrf>5 5-) u 
3. BC^DAl 1 3Z-mftK-m&&x®mii 

5. «#U>X1 1 6. S3fe#K,Al 1 7. 

1 1 8^f*>6HfiJ3^-ci»4. 
[0058] L0H,r. *«(*U-tf|R^i 1 i^jj 

«3nfc3fettS3tWn';y-hu>Xl 1 2*a-,rn 

tc*^|=l«cx+t>?^. »3fcu>Xl 1 6-CjS3fe* 
1 l 7±fc«*S*i. «t»F^ A 1 1 7±(cjB 
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[ 0 0 5 9 ] C<D£ tT-A^y >*fcfol» 

X. mtf±E^3tS©Sf*©L E D (£#(14 0 0 u 
m) zmiK m^mr= 1 5mm©fl|;&u>X-Cl 5 
0mmife©^#F5A±CC3l*t,fc4*£4. -f©* 

8mm4*t<ftD. 4 0 0 D P 1 ©Ep:£fgK{±8£S} 

(0 06 0] Cft«c*tU *!6W(Cj:5^#^-tfjR 

*©l^8*5Mmg&{cSfc'Mt-C*4©-c. 
■C^$ tf/dSSr tr- AS* 6 0 u m«T(C«5 c 
i#-C* t 4 0 0DPI©tt«4+^(cj»S-r4Ci*$ 

[006 1 J H14 (a) \S*mK «fc 4¥i§{*$&>fejR 

* i -2 1 *m>fc/<- n- f y - ^N*^r««H-c* 

C©A- 3 - F »; ->N«. ^fclfclSfrf i 2 
1. &£ff]**U>Xl2 2. 0lg£iiSll23. BC 
1 2 3 %-^(fi){c-SiIgrillS 3 i X + ♦ 
1 2 4. ^3^ffU>Xl 2 5. S3fe9JJfcfeU 
>X12 6. §7tJR^-12 7*>6^3ti-C(,»4. 

[0062] o*ur. ¥*fHt£K? i 2 i a>6ffij* 

5n/t5tttlibtC!!H8*u>X12 2*jiO. BIE^iBSI 
1 2 3 ti* 4 XlcmUGllC * * + > 3 n> ^ 

«£2U>Xl 2 5 Vmmt2tltc&. F 1 2 

8±-C»^3<i. /<-3-F12 8_h*jfeS$*i5. s 
e>«c. /-c-p- f 1 2 8*>6©£ftf;fctt. SfcfcflH&fcu 
>X1 2 6«Cj:r,S**^l 2 7±{cH3fe?nr««ai? 

^-^-FM^Bs^s^n*. f»j 

-^N{Cfcl»r«. l?a^2u>Xl 2 5{C<tD3Kt- 
A©^3KiS*l^ii{t3tl-Cl»S©r. «»<CB5IHJ£4 30 
0. gfttiCttSMW (^-3-F^BS) £4*4. 
HI 4 (b) K^T^CC^-a-FCCjSDfcfl^BS 

[00 63] C©<fc5fc/<-3-F'.J-#{cfel»-C. 
;U*£ffl#fefcgj©fi£*©LED <&£840 0/im) * 
fflO. tt&EHf = 1 5mm©«3tU>X-C2 5 0mm 
5fe©/<- 3 - F±«cJ83fe b fti. t * 4 . *©£*£©£ 
<*©tot>. '<-3-F±r©e-AStt#j6.7mm4 

/N-3-F (-«W(C. 
mm) ttfi|gg#I*SC4#'C*&<,>. 

[0064] cti<c*tb. *m«:<kzmm&&%&* 
1 2 1 zmMcx-a-p y-^NKio-ctt. *©& 
^a?ri p/imsa«:at/j^s<brt4©-c. 

ttfci§£-C<>;<-:3- F 1 2 8±©e-Ag 
*/<-3- F 1 2 8©*/MSW|«T ( 0 .2 mmS?) * 
r«4C4*J-C#. /<-3-F-l 28*SI*IRic4# 

[0 0 6 5] SA:. *»|9©*3|(*|6j6SR^tt, 
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[0066] 

[#£«©*»*] *w»(cj:*u*. js^tttcfcor^sa 

®©i§t*^©affi©igfg3?*ps?4u 2p«s©3ia 
s*n§?4u *©»«* sscjiasiw^tfjg^a 

a>6Si*#«*. ¥«£rtti3»/<-/7*pn»£4&* 

[0067] a o-C. *»9I(C<fctitf. ^H&fclfrW 
*>aEA&4**tffc5C4&<. iso^g^gx^jc 

«c. amis* 2 motsskimxmmptj; < 44 c 4 (c 
«fc^>r. **fttt©witt*iii#4&o. isao^fe 

[0068] *fc. S*43ri©«iSJ*^Jit© ra{c ^ 
[0 06 9] *3(0fflb«©*ffi4fSttJBtt< 

tt^ 2 ©aa»^a©iai© ^ % i»^-ti*>-35r4 ©ia«c . 
erf^a^^^L. atattss#©aiBK:#£#ffi£^/!s 

S«ii-C©S8*tc«t»). **l>ttJje£JBK»«H#* 
*»^KW^flis«Ka43es«tii4©^aKM{cj: 
0. 3t««*.S*P.©*Bl0fflO»>&J9flj3#ic4*i-C 

[affi©f8¥<tsiw] 

[a 1 ] ^mo-mimtcj:i±mmimmt»m 

[H2 ] *«W©S(|)ac|Qfi«{cJ:5J:ffiiH«a^^ 

[H3] *m<D&btcmi&mm*z±mtiim$ 

[H5] *lfcW©*6KB«fcsmW{c<fc*±ffia«3Ni 

[06] ^^©^^{c^f/iufiffiKii^iiajjia^ 

[07] ^liWCS^tC^llitWKJriJiiBtijjiSijs 

[08] (a> (b) (c) n*m(c* zmttm 
ffi0r*s. 

[09] *mKzim*mm**:m\.>tc*j^z 



IS 



(9) 



-rat**. 

[014] I*) U*W*&imtUVUff*M\.> io 
fe/t-a- K _ ^itMB, ( b ) «/t- a- p 

[015] «E*©*«<*«ifeJR^©fl|jg%^-r»rijl3-C 
[016] aE*©ft^S«:7S-r-a5«Kt/t^Hr* 

[0 1 ] 
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6 
7 
8 
9 

1 0 
1 1 
1 7 
1 8 
1 9 
33 
36 
38 
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[02] 
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